ABSTRACT A model of variable lamella orientation in sheaf structured transcrystallinity is proposed. It describes the orientation of the c-axis of the polymer chain and of the lamellae as function of the radial distance from the fibre surface.
Transcrystallinity has recently become a key issue in a rapidly growing number of studies of fibrereinforced thermoplastic matrix composites. In general, the term is associated with a wealth of topics such as kinetics of crystallisation, crystalline structure and morphology, fibre/ matrix interfacial interaction and -most importantly the effect of transcrystallinity on the performance of the composite material. Studies of transcrystallinity are also motivated by its colourful aesthetics, which is readily obtainable even by inexperienced experimentalists.
The effect of transcrystallinity on the mechanical properties of composites has important practical implications. Yet, despite extensive research efforts, general conclusions could not have been drawn due to the high compositional variability of composite materials in contrast to the specific nature of the effect. However, it has recently become apparent that transcrystalline effects are associated with the orientation of the transcrystalline lamella with respect to the fibre [1] . In particular, it has been argued that a significant improvement in the mechanical properties can be obtained in the fibre (longitudinal) direction when the c-axis of the polymer chain in the transcrystalline layer is parallel to the fibre as depicted in Fig. 1 . It has been proposed that such orientation upgrades the matrix strength and stiffness to match those of the fibre, thus generating significant improvements in the longitudinal properties of the composite material [2] .
Correspondingly, a number of publications have appeared recently which deal directly with the relative orientation of the transcrystalline layer. By and large, either one of two possible discrete orientations is considered, namely, the c-axis of the polymer chain in the transcrystalline layer is either parallel or perpendicular to the fibre direction (see for example [3] , where parallel and perpendicular orientations are proposed for a and b iPP, respectively). In fact, neither one of these discrete orientations is compatible with the geometry of transcrystalline growth as analysed for different fibre/polymer systems. This geometry entails variable orientation of the c-axis of the polymer chain as function of the distance from the fibre surface, depending on the growth mechanism. For example, in polyethylene fibre reinforced polyethylene, this incurs lamella twisting [4] while in carbon fibre reinforced PEEK [5] and carbon fibre reinforced nylon 66 [2] a sheaflike arrangement of the lamellae is formed, typical of spherulitic growth. It is concluded that for both growth mechanisms the orientation of the lamella and the c-axis depends on the thickness of the transcrystalline layer.
To clarify this point we discuss a highly cited two dimensional model of the sheaflike structure of transcrystallinity proposed in the scientific literature [6] . Although this model shows the curved contours of the growing lamellae, it fails to point out the concomitant variable alignment of the c-axis of the polymer with the distance from the fibre surface, presenting a distinct parallel orientation.
In the modified model, presented in Fig. 2 , the transcrystalline layer that nucleates epitaxially on the fibre (with parallel c-axes) grows to form a sheaflike structure (with variable c-axis orientations). This schematic picture shows how specific growth geometry results in misorientation of the c-axis with the distance from the fibre surface. The actual contours of the growing lamellae depend on the nucleation density, the crystallisation mechanism, the extent of lamella branching and the radial distance from the fibre surface. Based on our experimental observation the model is applicable to carbon and aramid fibre reinforced nylon 66 and to carbon fibre reinforced PEEK.
Because of the mis-orientation which is typical of thick transcrystalline layers, it is suggested that only for high fibre volume fractions, which are accompanied by thin transcrystalline layers, is the c-axis of the polymer chain aligned mostly in the fibre direction. For these conditions the model of Fig. 1 is applicable and a significant enhancement of the longitudinal properties of the composite material is expected [2] . It can be calculated, based on the concentric cylinder composite model, comprising fibre, interfacial layer and matrix [7] , that for fibre diameter and volume fraction of 10 mm and 70%, respectively, a transcrystalline layer of 0.9 mm occupies 92% of the matrix space. In this situation the contribution of the matrix to the longitudinal properties of the composite material may be in the order of that of the fibre.
